Foreign bodies, dead space, devitalized or even necrotic tissue all contribute to a decrease in the body's ability to eliminate bacteria that inevitably end up inside the wound after long surgical procedures. 21 Many pathogenic bacteria require adhesiondependent colonization to establish infection. The formation of a surface-adherent and protective 'biofilm' is characteristic of a mature infection, particularly on implanted devices. Once established, this biofilm is very difficult to eradicate despite the use of antibiotics that are highly active in standard in vitro susceptibility tests. 10, 11, 20 In addition, the unfortunate emergence of methicillin and vancomycin resistant pathogen strains and of a large immunocompromised patient population add significant magnitude to the surgical infection problem. 8, 10, 23 Apart from patient discomfort, the cost of treating spinal implant infections ranges from $6,000 to $900,000 per case, and in approximately 50% of these cases, operative intervention is required. 9, 15, 19 Prevention of postoperative wound infection (prophylaxis)
is therefore the first line of defense in the battle against rising healthcare costs 4,7 with antibiotic prophylaxis as current routine. 21 In order to direct new anti-infective therapies to spinal implant surgery, more appropriate in vivo animal models are required. Many animal models have been designed to study artificial joint infection or osteomyelitis in long bone, but none of these models accurately represent the local environment of current postoperative wound infections after spinal implant surgery. 2, 3, 5, 18 The model described herein is based on the separate implantation of three biomaterials in isolated laminectomy defect sites in the lumbar spine of a single rabbit, mimicking aspects of posterior spinal instrumentation used in lumbar fusion surgery. Individual sites were intentionally challenged with different amounts of methicillin resistant Staphylococcus aureus to establish a consistent, localized device-centered infection. 
Materials and Methods

Animals
a.
b. c.
To prevent unwanted contamination, the sterile control site was consistently operated on first, and positioned deliberately (L3) between the two inoculated sites (Th13 and L6) to investigate the possibility for any cross-contamination. Variability was minimized and using the same surgeon (KP) to perform all operations standardized surgical trauma.
After the procedure, the animals were housed individually in standard cages, and provided with water and standard antibiotic-free rabbit chow. The animals were monitored daily, particularly with regard to their wounds, temperature, signs of sepsis and body weight.
Evaluation. According to the approved protocol, the animals were sacrificed after seven days, using an intravenous injection of pentobarbital (10mg/kg). Prior to euthanasia, blood was drawn from the ear vein of each animal, and cultured to determine systemic sepsis. Under sterile conditions, biopsies of the skin (suture area), the fascia and muscle (suture area), the vertebral lamina, the K-wire implants and both transverse processes were removed from all sites. Also, a piece of the right liver lobe (approximately 5 grams) was removed to monitor systemic infection. Harvested tissue samples were immediately homogenized (Omni-International GLH homogenizer) and implants were sonicated (NEY Ultrasonik 100) for 30 minutes to detach bacteria. Serial dilutions were plated on TSA and incubated for 24 hours at 37°C. Finally, the CFU burden was determined per gram tissue sample to enumerate bacterial amounts at every site. Biomaterial-centered infection was arbitrarily defined to occur at sites where MRSA was present on the Kwire, and a positive bacterial finding was evident in two or more tissue samples from that same site.
Results
Procedure, dose and observation time.
No problems with either the anaesthetic or the surgical procedures were observed during the evaluation of these eight rabbits. The data for all eight rabbits are combined in Table 1 . Blood and liver sample cultures were consistently sterile for all rabbits after 7 days, indicating that the separate localized infections did not produce systemic sepsis. Vital functions (weight, temperature, food and water intake) supported the observation of lack of systemic spread of infection.
Infection analysis. When a surgical implantation site was infected, bacterial growth was consistently found in all tissue samples from that particular site. Bacterial growth localized, for example, only on the K-wire implant or the bone, was never observed. In infected sites containing pus in the muscle area and in the defect, a translucent film covered the metal implant surface. Other than MRSA, no other bacterial growth was seen on any of the TSA culture plates post-harvest.
Evaluation. The eight animals were divided in two groups of two, and one group of four animals, respectively. In the two animals from Group 1, bacterial amounts of 10 4 and 10
5
CFU MRSA were randomly applied as local inocula in the spinal 'bacterial-sites' (Th13, L6). Subsequent bacterial growth in these sites created consistently large amounts of debris and pus, indicating high levels of infection. Post-mortem quantification of bacteria in these sites, shown in Table 1 , indeed revealed extremely high bacterial burdens. No evidence for infection was, however, observed in the 'sterile control sites' (L3) located in between these contaminated sites (Th13, L6), and no bacteria were detected in liver or blood samples. Hence, all three implant sites (Th13, L3 and L6) were considered to have isolated, localized infection only. Subsequently, the next two rabbits (Group 2)
were used to determine optimal inocula doses for this model using randomly applied 10 2 and 10 3 CFU MRSA.
As shown in was again included to confirm that three completely isolated test sites could be established in a single animal spine without causing cross-contamination.
The overall infection rate for 'positive control sites', as calculated from the data in Table   1 , was 89% (16:2) including the ineffective inoculum of 10 2 CFU MRSA. When only 10 3 CFU challenges in Group 3 are considered, a 100% infection rate after seven days was achieved. All control-sites (L3), lacking inoculum, remained sterile and post-mortem analysis of blood and liver samples showed no signs of systemic sepsis after seven days in all animals. Data in Table 1 
Discussion
Antibiotic resistant, biofilm-forming infection is a dramatic and costly complication of surgical procedures and limits the use of implanted biomaterial devices. 4, 17 Host defenses and administered antibiotics are often only partially effective against biomaterial-centered spinal infections, with complications sometimes mandating complete removal of the device. Rates for spinal infection increase up to three times when metallic spinal implants are used. 12, 25 Many animal models have been designed to date to study surgical infection, but none link a spinal implant infection with the ability to test specific preventative treatments. Soft tissue damage and dead space areas characteristics of posterior spinal implant surgery are now combined as factors in a single model. Total CFU MRSA applied to each site at the time of surgery (in 100 µl aqueous carrier).
B.
Surgical time per site (min).
C.
Average CFU determined from biopsied tissue samples and the harvested implant (CFU/g sample).
D.
Average CFU values and operating time showed no significant differences between the infected spinal implant sites.
Spinal Implantation Site
Dead space areas such as laminectomy defects tend to fill up with blood, providing an ideal medium for pathogens to multiply. In the presence of a foreign body, the risk of infection. In addition to improved surgical techniques and antibiotic prophylaxis, new methods to reduce device-centered infection must be studied in animal models relevant to clinical practice. Future work will consider these exact experimental scenarios using this model.
